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| colloiding agente.

la
SUMMARY

L 1. The ususl procedure by which cellulose nitrate is con-
verted into smokeless powder grains 1e described in some

detail.

2. Although serious reference is made to the behavior of the
extruded grains during solvent removal, attention is directed f
principally to the colloiding step preparatory to the extru-

sion of the colloided masse.

. Z, Literature search and interviews were concerned chiefly
with items relating to:
f‘ (a) A more uniform colloid.
(p) Advantages that may result from a better choice of
(¢) The influence of cellulose nitrate viscosity in

golvents on the behavior during extruslion and on
the properties of the finished grainse.

T

(d) Volumetric shrinkage when solvent 1s removed from
"green" powder.

(e) Any peculiar behavior of wood cellulose nitrates
! as contrasted with cotton nitrates when colloided
| and converted into powder grainse

4, Most of the published investigations that bear on one or

more of the above subjects have been made in laboratories out-

R

1

I

i~ eide of the United States and under conditions that are not
| directly applicable to present day schedules of the Army and
{ the Navy. Much of the published work suggests lmportant ex-
perimentsl programs with nitrate compositions and with plas-

ticizer practice that are prevalent in this country.




5. Except for the introduction of FNH powders, very little
advance has been made 1in the technology of colloiding the

cellulose nitrates.

6., Polarized light and X-ray examination reveal that the

powder gralns as now produced ere for the most part hetero-
geneous 1in compositlon; If a more homogeneous structure 1s
beneficial, new methods must be sought to achleve this ob-

jective.

7. Although there 1s some difference of opinion regarding

the relative importance of the nitrate viscosity on subse-

quent operations, 1t 1s generally conceded that present

knowledge glves no gerious evidence that low viscosity prod- |

ucts are wholly unsultable. The fact that the wood cellulose

can be nitrated to yield products of high viscosity would

seem to make the problem less important than 1t had originally §
|

appeared.

g. No data were found to follow the progressive changes 1n |
volume as "green" powder 18 freed of solvent. Some have ex-

pressed the thought that ununiformity of shrinkage (distortion

¢f shape) was more of a problem than shrinkage of total

volume. Total shtinkage 1s related to total solvent used 1in

colloiding. Distortion of shape 1s related to manner in

which the solvent leaves the graine

9. It is the opinion of most of those who were interviewed

that wood cellulose ahould offer no unusual problem in the
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colloiding step if proper adjustment of solvent 1s made to
compensate for a different plasticity of colloided mass. The
powder gralns of wood célluloae origin have been somewhat
more brittle than in the case of the cotton products. Some
believe that if needed this can be rectified by using a more

refined wood fiber as a nitrating base.

10. This study hes impressed the writer with the scarclity of
direct knowledge relating to the subject and with the probable
importance of unstudied phases of the problem. In view of
this, a "questionnaire" has been prepared. It precedes the
appendix end 1s submitted with the hope thaet 1t will stinmulate
further thought both in connection with current plant practice

and in any new development work that 1s undertaken.
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RECONMENDATICONS

1. In a large degree the recommendations that were made 1in

a preceding report entitled Wood Cellulose Nitrates for

Munitions apply equally well here.

2. An advance will be made 1f a comprehensive experimentsal
program results in:

(a) A more uniform product both in respect to keeping
quelity and ballistlic properties.

(b) A more rapid colloiding process.

(¢c) Less solvent coste

(d) Greater capacity of extrusion presses.

(e) More efficient and more rapid solvent recovery.

(f) A completely satisfactory processing with wood cel-

lulose nitratese.

3. It is recommended thet the various items of the "question-
naire" undergo a critical review and that other pertinent
auestions be added. Those entries which in the judgment of
the severel reviewers appear most important may then be in-

corporated in the experimental 1investigations to follow.

‘I
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INTRODUCTION

This report is primarily concerned with the colloiding
step by which nitrocellulose 1s prepared for extrusion into
powder gralns. Although there have been occasional instances
of peculiar behavior of the cotton nitrates when so processed,
this study was prompted largely because of new factore that
were encountered when the wood nitrocelluloses are simlilarly
handled.

The investigation has been in the form of a literature
cearch and a series of interviews with men who have had con-
eiderable experience in the manufacture of smokeless powder
and who have recently had the opportunity to witness the op-
erations when carried out with a wood cellulose base. Men
go interviewed included Dr. Hale and representatives of the
Picatinny Arsenal, Dr. Farnum of Indlanhead, as well as Dr.
C. G. Storm of the Army Ordnance. The subject matter was
also discussed with selected members from the technical staffs
of the duPont Compeny, the Hercules Powder Company, the East-
man Kodak Company, and the Western Certridge Company. In-
formation relating to the principles that underlle the
mechanism of cellulose ester swelling by means of solvents
was also sought from certain faculty members of both Harvard
and M.I.Te. The author of this report has formulated a number
of items which appear as a questionnalre which 1s intended to
stimulate a more intense review and discussion. Some of the
more important abstracts have been forwarded to Dr. Pauling

together with a copy of the cuestlonnaire that forme part of

g i T S




this report.

Much of the information asppears 1in fragmentary form and
opinions regarding the principles involved are frequently a
matter of conjecture. Reports are in some cases contradic-
tory. The few facts appear incomplete and disj)ointed. Sug-
gested lines of approach are indicated. Some of these proposed
methods are little more than guesses; others may already have
received some sttention. If the problem has serious and prac-
tical importance to Justify the work, 1t 1s evident that a
comprehensive experimental progrem nust be undertaken to es-
tablish the fundamental principles by which many of the ex-
periences will be further explained and interpreted. Dre
Pauling has initiated such a program. It will prove helpful

to supplement the laboratory investigation by an accumulation

of additional 3data in the smokeless powder plant itself.

T
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DESCRIPTION OF MANUFACTURING

PROCESS AND PRODUCT

The Colloiding Step

The purpose of the colloiding step is to creste a con-
dition that will enable the operator to convert the fibrous
mass of nitrocellulose into a non-fibrous plastic which can
then be worked into powder grains of specifled dimenslons and
design. This is accomplished by pre-swelling the nitrocellu-
lose with sultable solvents and by subjecting the solvent
treated mass to a series of high pressure manipulations which
ultimately take the form of an extrusion through dies of pre-
ecribed désign. The preliminary mixing is done in a machine
that resembles a dough mixer. Ordinarlly about an equail
welght of solvent is added to the nitrocellulose and the mix-
ture is worked for a period of 20 to 60 minutes to assure
complete wetting of the fibrous nitrate. The loose mass 1s
then transferred from the mixer and formed into a solid cake
by hydraulic pressure. Normally the product at this stage
is a smooth compact colloid with a clear amber color. A few
white spots are usually discernible and are caused by ailr
bubbles. These are eliminated by further processing through
a macaroni press in which the colloid is forced by pressure
through small holes and the macaroni-like strings are agailn
collected and reformed into what is known as the powder cake.

The powder cake is fed through the die press under 2000

to 3000 pounds per scuere inch pressure from which the ma-

terial emerges as a continuous cord or cylinder having a
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dlameter and web such that when ultimately freed from sol-

vent 1t takes on the specified dimensions of the powder graln
that is being made. In the case of the layer grain powder

the die 1s so constructed that the extruded continuous cylinder
is perforated in a manner that is 1llustrated by the sketch
which is attached.

Aside from the matter of chemlcal stabllity, solubllity
in selected solvents, and the like, a nitrocellulose is Judged
to be satisfactory for colloiding and for conversion into
powder grains when

(1) 1ite properties are such that the preliminary dis-
tribution of solvent is satisfactorily achieved;

(2) the nitrocellulose is sufficiently uniform so that
for a given graln size 1t 1s unnecessary to make frequent
changes in the percentage of etrer-slcohol used or in the dile
glze;

(3) the colloided block i1s clear and homogeneous;

(4) extrusion takes place without breakage of deforma-
tion of the expelled strang;

(5) the shrinkage of powder grains 1s uniform and pre-

1ctable when solvent is removed;

(6) the powder grains have a physical strength and
toughness that withstands breakage when handled;

(7) rate of burning of powder grains and the balllistic

properties are normale.

Operating Procedure

Stabilized nitrocellulose 1s dehydrated By forcing alcohol
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through the compacted nitrocellulose cake. Alcohol serves
first as a means for displacing the water and finally as &
dehydrating agente.

According to War Department Manual on Military Explo-
sives, TM 9-2900, the amount of ether-elcohol gsolvent that 1s
used for the colloiding step js prescribed by the size of the
powder that 1s to be mede. Thus powder for a 30 caliber gun
demands 105 per cent golvent, a powder that has a wed thick-
ness of .025 inch requires 100 per cent solvent, and a powder
whose web is .185 inch calls for 85 per cent gsolvent. The
different percentages, depending upon the gize of graln, are
very probably related to the shrinkage differences as ceused
by rate of solvent removed from the lnner portions of the
grain.

The residual alcohol in the press cake at the dehydrating
press 1s controlled. The ether 1is8 added in the mixer 1in an
amount which when blended with the residual alcohol that 1s
in the dehydrated cake will yield & combined solvent that
contains two parts of ether to one part of alcohol by volume.
In some instances the alcohol content of the cake from the
dehydration press 18 deliberately reduced and sone alcohol 1s
added to the ether that goes 1into the mixer. Prior to the ad-
dition of the ether, the nitrocellulose block 1s disintegrated
in a block bresker in which the dense cake 1s pulled apart
into small agsregates which are more suitable for the subse-
ocuent mixing operation. Time of mixing is specified at the
shorteet period consistent with good mixing and gswelling of
the individuel nitrocellulose fibers. This will be discussed

more fully.
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The actual mixing with the solvent 1s accomplished in a
two-armed mixer that resembles the machine that is ordinarily
used in preparing soda cellulose in the viscose industry.

The mixer is water cooled. At Indianhead the Jacket water 1s

reported to be from 55 to 650F. The machine is tightly fitted

to avoid solvent loss. One-half to one per cent of diphenyl
amine is added with the ether. The amine functions as a
stabilizer for the nitrocellulose. If plasticizers are to be
used as in the case of the FNH powder, the dibutyl phthalate
and the dinitro toluol are also added at this stage. The
temperature of the mass during mixing probably averages near
60CF,

The mass as it leaves the mixer resembles a light dbrown
suger. By means of the heavy duty blocking presses and the
macaroni presses, 1ts plastic properties make 1% possible to
produce a dense gsemi-transparent amber structure of hornlike
consistency. If the mixing through the presses has been
properly done and 1if the base nitrocellulose i1s normal 1n
composition, the possibllity of uncolloided nitrocellulose 1s
practically eliminated. Dr. Storm reports that some work was
done to improve the kneadlng operation by making use of ma-
chinery such as used in the rubber industrye. These mixers
have broad blades that force the material agalnst the sildes
of the mixing trough under great pressure. Under such con-
ditions more than mere mixing 1s accomplished. The result-
ing mixture loses 1ts flbrous gtructure and can be processed
directly through the final blocking press without passing

through the preliminary blocking and "macaroni" presses.

*a
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Apparently the procedure was never put into zeneral use.

Granulation of the powder 1s accomplished in the gralining
presses where the plocks of colloided nitrocellulcse are forced
through steel dles to yleld a2 perforated heavy walled cylinder.
The dlameter of the strand 1s prescribed according to the size
of the gun for which the ultimate powder is intended. The
larger the bore, the greater the diameter of the strend. As
the strand is carried from the machine, 1t 1s delivered over
rolls to a cutting machine where 1t is reduced to units of
desired length. In this form the oroduce is called "green"
powéer.

The green powder has lost more ether than alcohol. How-
ever, a conslderable portion of the original solvent remalns.
Solvent removal 1s ordinarily practiced in two steps, a first
recovery of the major portion by use of warm alr from which
the recovered solvent 1s later extracted by chilling, and an
ultimate "drying" where solvent recovery appears impractical.
It is very important to control the rate at which the solvent
15 removed in order to avoid a case hardening effect which
makes 1t more difficult for the solvent to escape from the
interior of the grain. The exact schedule of temperatures
and time 1s carefully prescribed and 1s adjusted so that for
the larger gralns a longer time 1s allowed before the maximum
temperature of 45°C. is reached. No reliable figures were
obtained on the per cent recovery of the original solvent
used. Indirect calculations indicate an 80 per cent recovery.
A substantial shrinkage takes place 2as the solvent is removed.

This shrinkage factor 1ls very important and will be viewed
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more specifically.

The final removal of solvent may be carried out by air
drying or by water treatment. In the alr drying procddure
the powder is subjected to a preliminary temperature of 4300.
for 30 days, after which the temperature 1s raised to 55°C.
and held there untill the solvent contained has been reduced
to the deslred level. The time to accomplish this varies dee
pending agalin upon the size of the grain. For small grain
powders, 30 days may suffice. For large grailn powders, 90 to
150 days are often necessary. In the case of the very large
grains, it has been found advisable to hold the powder in
the drying house for about two weeks before heat is applled.
The drying 1s carried out until the gralns have reached a
speclfied solvent content which depends upon the size. For
smaller grailns the residual solvent may be as low as 3 per
cent, for the larger grains as high as 7.5 per cent. This
control is essential inasmuch as 1t influences the rate of
burning of the finished powder.

In the water treatment that 1s sometlmes used for the
final removal of solvent, the powder grains are immersed in
warm water by which the solvent is reduced to the desired
degree. Tlme required is considerably less than in the air
drying operation. Ultimate removal of water l1ls also readily
achleved. There appears to be some question regarding the
successful application of the water drying step except when
the NH (non-hydroscopic) powders are used. It is understood
that most of the Army FNH powders are manufactured by the wet

drying process and that the Navy pyro powder, which contains
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no dibutyl phthalate and dinitro toluol, 1s air dried.
Whether the water drying step can exaggerate the difficulties
of grain breakage when the nitrocellulose graln 1s near the
lower level of acceptable strength is not clear although this
information may be known to those who are close to the in-
dustry. There 1s also the possibility of some denitration
except in those cases where the wet drying procedure 1s prace—

ticed with the FNH powderse.

Powder Grains

The War Department Technical lanual states that "the best
form of granulation from a ballistic point of view 1e first,
that which with the smallest weight of charge willl impart to
the projectile the prescribed muzzle viscosity within the 1
permitted 1limit of maximum pressure; second, that which will
cauce minimum erosion to the bore; and third, that which shows
maximum regularity in ballisties". The size and the deslign
of tne individual grain is a determining factor. The form
determines the area of burninyg surface which in turn controls
the rate of burning and ultimately the pressure.

The ettached print shows several types of grain design.
The strip, cord, and single perforated types are used mostly
for smaller caliber guns. The rosette form is little used
in this country. The muiltiperforated grain has recelved

special =ttention in connection with the problem =t hand.

The print 2lso snows the manner in which a multiper-
forated grain changes 1ite form mec burning takes place. Whnen

the walls have burned throush, triangular pleces called slivers
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remaln and ere ° = usntly expelled from the bere of the gun
in unburned foru. 'ne web of the grain is an all imporitant
dimension. It i1s the mean thickneas between any tvwo parallsl
surfaces. The "average webh" 1g the mean between the outer and
the inner webs. By varying the web thickness oY the powder
for a given wegpon and projectile, 1t 1ls possible to adjust
the weight of the propellant charge to meet the ballistic re-
auirementse.

Length of grain ig related to the gralin dlamefer and to
the dlameter of the perforation. Thus in the cage of nultie
perforated grains the following formulae are used:

L = 2.25 D

D = 10 &
where L o= Gengtl
o y i dlameter

d = dlaneter of the perforation
It is ordinarily specified that the difference in the ocuter
and the inner web thickness must not exceed 15 per cente
With the single perforated grains the length ig specified
at from 3 to 6 times the overall dlameter and the dismeter of

the perforation at one-third that of the grain itself.

Compoeition of Powder Graln

The single base powder grain coniains

(a) MNitrcceil i ilose of prescribed nitrogen content. It
may be a biend or Llower and higne: trogen con%ent material
ae in the FNH powders o gingle proiuect ¢ 1n the pyrc powder

3 proeduce - The avy.
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(b) A small percentage of stabilizer.

(c¢) A certain residue of solvent that was used 1n the
colloiding stepe.

(d) A small residue of water.

(e) Plasticizer if such i1s ueed in the mixture.

(f) Graphite in the case of emell arms (rifle powder).

(g) Adventitious residues, (ash, etc.).

Tschappat point out that mogt of the ether has been re-
moved from the grain in the drying process and that the sol-
vent residue is largely azlcohol. He also illustrates the
importance of careful control of nron nitrocellulose components
inasmuch as they play an important role in the potential
"energy" of the composite. Thus, he states, & one per cent
alcohol content is equivalent to 2.5 per cent inert matter
and that some stabllizers are equlvalent to four times thelr
welght as inert matter. He does not discuss the recently
uged plasticlzers.

Ag already stated, the residual solvent in the powder
grain 1s carefully controlled by frequent tests of the powder
in i1ts last stages of drying. The percentages specified de-
pend on powder grain size and may renge from 3 per cent in
the smallest grains to as high 2as 7 per cent in the very large
sizes. Speclal precautions are taken to avoid further loss of

solvent. Conditions of storage of powder are very important.

Shrinkage of Powder During Removal of Solvent

The selection of die through which the green powder 1s

extruded must obviously depend upon the shrinkage of the
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grain during solvent removal. Although shrinkage takes place
in all directions the one that is most lmportant is that
which occurs in the web, Shrinkage in length of grain may
range from 5 to 10 per cent, whereas the web shrinkage 1is
nearer 30 per cent, showing a distinct orientation of the
cellulose nitrate chains in the process of extrusion. The
inner web shrinkage in the case of multiperforated powder is
generally less than the shrinkage of the outer web., It was
reported at Indianhead that whereas the web shrinkage in the
case of both the cotton and the wood cellulose nitrete pow-
ders was about the same, namely 28 per cent, the shrinkage
along the length of the grain was about 3.4 per cent in the
case of the cotton znd 1.3 per cent in case of the wood cel-
lulose products. It must be remembered that these data re-
late to a wood cellulose nitrate containing 12.6 per cent
nitrogen and produced by the Hercules Powder Company. No
corresponding figures were obtainable from the fabrication
records of powder that was made by the FNH formula.

Although there is little documentary evidence, experience
shows that shrinkage can very widely with the amount of zo0l-
vent used, the properties of the nitrocellulose, the size of
the grain, and possibly with the type of solvent used. It is
common practice to make the selection of the die after experi-
mental lots of powder have been prepared from a given colloided
mixture. Ununiformity in nitrocellulose or in processing may
occacslion frequent changes in die size to maintain & desired
graln dimension. It is reported that in some instances the

diameter of the green powder increases during a period after
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it has been extruded and before evaporation of solvent takes
place. This post sweiling phenomena is mentioned agein in

the "questionnaire" and some general explanation 1s offered.

The Action of Solvents on Nitrocellulose

When solvents are added to nitrocellulose, swelllng oc-
curs and if enough solvent 1is present, the gelatinized mass
then passes into a liquid solution. The path 1g not clearly
defined. The rate and the degree of swelling depends, among
other things, on

(a) the composition of the nitrocellulose;

(b) the physical properties of the nitrocellulose;

(c) the solvent;

(a) time, temperature and menner in which mixing 1s
effected.

No explanation of the mechanlsm of the phenomena 1s here
attempted. That phase of the problem is part of the study
that has been undertaken by Dr. Peuling. Thle summary con-
fines itself to & record of pertinent references in the
literature, to the suggested explanatlions of the technologists
who were interviewed, and to a number of viewpoints that have
occurred to the wrlter.

Most evidence points to the fact that nitrocellulose as
made commercially i1s not a "pure" product but a composite
that contains components with different percentages of nitro-
gen. Two samples of nitrocellulose may contain identicel
percentages of nitrogen and show very different analysle when

frectionated by means of selected golvents. It is well known
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that the several nitrocelluloses respond very differently to
the usual solvents. The high alcohol solubility of certain
low nitrogen producte and the alcohol insolubility of the

13.4 per cent product 11lustrate the point. Hence mass treat-
ments of commercial nitrocelluloses of the same nitrogen con-
tent can show very different behavior. Weiszenberger (U-7)
glves some experimental data to show that cellulose nitrates
as mede commercilally are composites of several nitrates, and
in some cases with unnitrated cellulose renaining in the
composlite.

Kanamaru and Ueno (D-2) describe a new process for de-
termining the swelling properties of cellulose esters. The
work is confined to & nitrocelivlose that has a 13.5 per cent
nitrogen content. Thia nitrate was prepared by the asuthors.
Nitrating acild contained 6% per cent sulfuric acld, 27.5 per
cent nitric acid, 9.5 per cent weter. The product was care-
fui.y purified and dried in vacuun and over P205.

The following reagents were used eilther by themselves
or in mixtures: ethyl alcohol, ethyl ether, benzol, acetone,
ethyl zcetate. Description of method and of unilts 1s glven
in great detall. e swelling propertlies are Judged directly
by the change in Z potential with Time. Althougl: the data
’includes a great many figures thet deal with other solvent
mixtures, attention 1s aipected at this moment to the figures
that retlate to ether-—sl ol rompogitions. The experimental
program included wori that wee done with 100 per cent ether,

with 100 per cent alcohol, and with various percentages of

@ach. Although a detnailed abatrect is included in the appendix
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of this report, it is well to note here that in a sumnary
table the authors show thet a maximum swelling effect 1s
reached with a mixture that contalns 4O per cent ether and

60 per cent alcohol by volume. The following figures are

cited:
Ether-Alcohol
Vol. % Ether L;Z Q (degree of welling)
)

0 6.63 942
20 79.43 3645
40 sK.us 73.1
60 gl 42 575
80 42.17 26,0

100 00 2.8

A2 =2 -2

where Zo 1s the potential immediately after immersion
and Zg 1s the asymptotic value of the potential reached
after a number of hourse

@ = grams of solvent taken up by 100 grams of nitro-
cellulose.

Note particularly that there is hot a major difference in
swelling properties in a range from 20 per cent ether to
60 per cent ether. The overall difference in that particular
range is shown by the Z potential factor of 79.43 in the case
of the lower ether mixture to a maximum of &7.46 with the
solvent that contains 40 per cent ether and a reduction in
the factor to &L,42 when the ether content of the solvent
has been increased to 60 per cente.

Measurements were made to determine the degree of
swelling and here also the maximum value was obtalned with a
solvent that contains 4O per cent ether. The difference in

degree of swelling with lesser and grezter ether contents in

the solvent 1is more marked than is shown in the table of 2
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potential factor.

" In the J. Soc. Chem. Ind. of Japan, 1938, Kanamaru, et
. ‘ Takada, and Maeda (C-11) discuss similar work that was car-
ried out with pure solvents and with nitrates that contained
respectively 13.52 per cent, 13.27 per cent, 12.83 per cent,
and 12 per cent nitrogen. All of these nitrates were pre-
pared by the authors. The swelling properties were studlied
in much the same manner as described in the article cited
above. In this case emphasis is placed on differences in be-
havior of the nitrates with esch of the solvents in question.
The three solvents specifically studied were water, ethyl
alcohol, and methyl alcokol. It appears that the methyl al-
cohol is a much better swelling agent than ethyl alcohol.
This holds for each of the nitrates studied. It 1is interegt-
ing to note that in the case of the methyl alcohol full solu-
bility occurs with a nitrate that has a nitrogen content as
high as 12.3 per cent, whereas with the ethyl alcohol complete
solubility occurs only in those cases where the nitrogen con=
tent 1s less than 11.2 per cent. More complete abstracts of
each of the two articles by Kanamaru appear in the appendlx.
Gibson‘and McCa211 (V-1) report on the viscosity of
ether-a2lcohol solutions of nitrocellulose containing about
12.2 per cent nitrogen. Four per cent golutions were made
at 20°C. The épecific gravities of the ether and the alco-

hol were .72 and «817 respectively at 15°C. The following

.
[y}

results were obtained:




% Ether

< 7=

% Alcohol

Viecoglity

by Volume by Voluwae 'Falling ball
L o in seconds)
69 2c 16047
3 3 2
/(‘ .
60 1o 28,8
EO 50 23,1
5 55 26.1
)40 60 30.
30 70 90.

Ag the nitrogen content of the nitrocellulose 1lncreases,
the percentage of ether in the mixture must be increased %o
obtain a2 minimum vigcosity and this ninimun viscosity also
varies with the nitrogen content., The fcllowing table 1l-

Justrates typlcal values:

Stettbacher (H~16) states

% Nitrogen Minimun Optimum
‘ content Viscnsit{ ether:aleochol
. { seconds Ratio
, 11.8 3.8 50—20
i 12.°2 2251 53=47
I 12.55 705 70-30

that the most favorable mix-

volume of
‘ with a 95
the usual

alcohol,

ture 1s one volume of ether of gpeciTlc gravity 720 and one

alcohol when 99.5 per cent alcohol is used and that
per cent alcohol, maximum solubility occurs with
mixture .of twe volunies of ether and one volume oF

There 1s no evidence in the reference that similar

work was carried out with nitrates that contain as high as

1%3.4 per cent nitrogen. Stettbacher also states that the

“high nitrated" cellulose cen be gelatinized at low tempera-

turegs. No mention is mede of the exact nitrogen content of
the base aateriale

l Meder ! ( '6) mentions A greatest gelatinlzing effect
with 65 p ;v ts of aleohol but » o
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state the water content of the alcohol.

In Alexander's Colloid Chemistry (Vol. IV. pp. 91) Storm
reports that i1t has been found that when cellulose nitrate is
immersed 1n dry alcohol or dry ether at temperatures ranging
from ~%0°9C. to 110°C. very little swelling occurs. He cites
an example whepe a nitrate film that was immersed in ether
and also in abgolute alcohol for several days increased 1ts
weight 28 per cent and 68 per cent respectively. When 5 per
cent alcohol was added to the ether the welght increase was
75_per cent snd more alcohol caused further incresse. On the
other hand, the addition of 2,5 per cent ether to the alcohol
increased the swelling five-fold.

magson (V-5) states that a fibrous cellulose nitrate ab-
sorbs both ether and alcohol vapers very readily. Absorption
reached a maximum with equal molecular parts of alcohol and
ether.

In some work done by Mardles (g-1) he reports that he
found that wlith solvent mixtures explored the rate of gswell-
ing is highest when the total swelling is greatest.

McBain (0-7) concluded from experimental deta that with
a given sample of nitrocellulose, solutions in various sol-
vents show that the viscosity is inversely proportional to
golvent power.

The heat of swelling has been taken as a criterion of
solvent power. A. P. Okatow and S. I. Emmanuilowa (F-2) re-
port a greatest heat of swelling of nitrocellulose found with
a solvent contalining eogurl parts of ether and alcohol and

that the veloeclity of swelling and solution formation 1is
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greatest at the boiling point of solid carbon dioxide. They
also report that the swelling 1s favored by the application
of pressure. They advise for best results a combination of
low temperature, higher pressures and longer applications of
pressure to obtailn optimum swellinge

Fred Olgen (M-3) discusses the effect of the original
fiber structure on the swelling of the nitrocellulose and
points out certaln differences in the behavior of cotton nil-
trate and wood cellulose nitrates.

‘Stettbacher claims that a given powder made from an
acetone colloided nitrocellulose 1is denser and much less
censitive to moisture than one produced from an ethier—alcohol
colloid. He explains it by a better gsolvent action of the
scetone on the high nitrated cotion, whereas ether-alcohol
causes 1t to swell only. Again the exact nitrogen contents
of the base product are not mentionede.

Stettbacher refers to Berl (Die Schiess und Sprengstoffw.,
1933) who correlates the ease of aitrocellulose swelling with
the degree of which the nitrocellulose has been depolymerized.
He states that a low molecular weight nitrocellulose 1s much
more susceptible to swelling than others of the same nitrogen
contente.

sedwvedew (H-7) mentions work done to fractionate nitro-
cellulose into several portions by addingz =cetone water mix-
tures to ether-alcohol solutions of the nitrate. Nc reference
j¢ made to the solubility of the se&eral portions so prepared.

Jemouzin (H-4) points out thet nitrocellulose solublillties

can be effected by a seml oerieable membrane of the lesser

B}




soluble nitrocellulose that remains on tihe outside of s fiber
aggregate and that one can obtain higher solubilities by
making the interior portions more readlily avallable.

K. Atsuki and Ishiwara (H-14) examined nitrocellulose
that had been gelled and cast into films. X-ray study was
made. A 13 per cent nitrogen product admixed with nitro-
glycerine when converted into film by means of acetone sol-
vent and by ether-alcohol solvent showed & more uniform struc-
ture with the acetone than with the ether-alcohol. The latter
film appeared as a network structure with inner distorted and
heterogeneous distribution of the molecular surface contact.
They state that on drying an acetone solution of nitrocellu-
lose, the solute may be kept in a state of dispersion until
the amount of acetone becomes very little and this residue now
adheres to the nitrocellulose as a molecular compound. In
the ether-alcohol solution the ether evaporates first and the
solute becomes insoluble, remalning in a swollen state during
drying. It seems that the zel of the more depolymerized prod-
ucts are more regular in crystalline properties and that the
crystal unit 1s smaller. He cguotes Trillat that the cellulose
nitrate of nitrogen ner cent above 12.95 has a more marked
crystally character than a lower per cent nitrogen material.

Sacharov (F-4) discusses the application of ether-alcohol
in the manufacture of smokeless powder and gives a complete
example of the ether-alcohol balance. The original may con-
tain some information more especific to the problem at hand.

lixcept in the case of mixed base exploslves such as typi-

fied by cordite which contains nitroglycerine, acetone 1s not
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ordinarily used to collold nitrocellulose preparatory to 1ts
extrusion. It is stated in the liierature that a gingle base
colloid prepared with acetone as a swelling agent ylelds a
smokeless powder that is brittle and hence dangerous. Ex-
perimental mention 1is made of a substitution of methyl alcohol
for the ethyl alcohol in the ether-alcohol mixture but no evi-
dence was found to show that the methyl alcohol has been used
commercially. Except for a few cases cited above, no important
attempt to change the ether-alcohnl ratio appears elther 1in
the literature or in the discussion with the several technolo-
glsts who were interviewed. The acceptance of the usual ratio
of two volumes of ether to one volume of alcohol seems com-
plete and there may be very good reason for 1t. It 1ls con-
ceivable, however, that this mixed solvent may be ideal for
the well known cotton nitrates and not best suited for wood
cellulose products or that the present day greater avalilebility
of anhydrous alcohol may change the situation. It 1s expected
that any new program of work will 1include some ctudy of other
mixtures end of other solvents. Solvents that have come into
general use in tne past decade may cffer a better means for
collciding nitrocellulose. New combinations of o0ld and new
solvents may oossess properties that can cause an imprcvement
in colloid auality or they ma& permit a much more rapid pro-
duction of mcterial.

An esarly mention of a large number of esters, amines,
ketones, and alcohols is made by lLaraueyrol and Florentin
(U-1). Tihey mention 2 list of gelstinizer patents slnce

1900. . Davis (T-1) reports cn sixneen & _ents that were

e
.




studied in 1922. Zimmer (D-1%5) discusses more fully the

golubilizing power of the lower alcohols. His base material
was for the most part nitrocellulose of 13.5 per cent nitro-
gen content. Hls reagents included ether, benzene, acetone,
ethyl acetate and thelr mixtures. He reports that in general
the degree of swelling was greater the higher the molecular
polarizstion of the liquid. The more the nitrocellulocse swells
in these organic liouids, the higher the charge on the nitro-
cellulose.

Sone work has been done by the French to perfect a method
for determining the plasticity of nitrate mlxtures made durlng
the manufacture of Poudre B. This composition contains two
grades of nitrocellulose with 12.0 and 13.2 per cent nitrogen
of which they consider the first soluble end the second in-
coluble in the mixture of ether and alcohol that 1is used., The
test was developed to control uniformity of placsticity. In
brief the procedure was as follows:

The mixture of nitrotes and solvent was pressed into a
block by means cf a plunger in a metal cylinder. A metal rod
of specified diameter and weighted was inserted through the
top of the cylinder so zs to rest on the colloid block. The
penetration during & given time was teken es a measurement of
plasticity. Abderhalden used this test with Poudre B end by
his experimente found that the coefficient of plasticity
-~eached s maximum when the proportion of "soluble" and "in-
soluble"” nitrocellulose was 4O to 60. The plasticity increased
as the amount of solvent was increased.

A. J. Phillips at Picatinny Arsenal contributed a full
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chapter in Alexander's Colloid Chemistry, Vol. IV, on the
structural variations in smokeless powders. The entire ac-
count deserves careful review in anticipation of a new ex-
perimental program. He points out that in a smokeless powder
fhe nitrocellulose s incompletely gelatinized and that only
part of thet fraction that 1s gelatinized 1s dispersed. It
is stated that nitrocellulosee vary greatly in their dis-
persability. Experiments are cited and photographs 1llustrate
the vast difference in structure of films that were made from
& per cent solutions of several commercial nitrates. The ni-
trates contain 12.6 per cent nitrogen and the solvent was the
usual ether-alcohol mixture. Even in the presence of much
larger percentages of solvent than are employed in smokeless
powder manufacture, there 1s evidence of much undispersed
material which stands out very clearly in the case of some of
the products so examined.

Phillips emphasizes the importance of the dispersability
of nitrocellulose and defines the term as the property which
determines the ability to disperse under proper conditions.

Fe also stresses the fact that in emokeless powder manufacture
the restriction in time of contact and in amount of solvent
applied makes 1t impossible to reach the maximum dispersion

that could be attained under more favorable conditions.
Pyrocotton contains soluble, partially soluble, and insoluble
components; in othef words, readily, slowly, and non-dlsperssable
materials. Under usual conditions with a reduction in solvent
percentage and time of contact the difficulties are exagzerated.

Phillipe also shows photographs to illustrate the
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He also stresses the fact that in smokeless powder manufacture
the restriction in time of contact and in amount of solvent
applied makes 1t impossible to reach the maxlimum dispersion

that could be attained under more favorable condltlons.
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Phillips zlso shows photographs to 1llustrate the
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heterogeneous structure of powder grains and explalns the
peculiar markings by more rapid shrinkage in the cese of
thoee portions which have present the more goluble consti-
tuente of the nitrocellulose. In many instances the uneven
structure is probably responsible for changes in physical

strength that occur on drying and on standinge.




Note:

The questionnalre 1s submitted to indicate the type of ,
questions that occur. Some entries may stimulate further

thoughte.

T e
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QUESTICNNAIRE

1. It is common practice to use ether-alcohol (2 vol. plus

1 vol.) for the colloiding agent both for the pyrocotton
(12.6 per cent nitrogen) and for The mlxture of nitrates

(80 per cent of 13.4 per cent nitrcgen plus 20 per cent of
12.6 per cent nitrogen). One investigator, Kanamaru, shows
that less ether can be used gatisfactorily with the high ni-
trogen products. If a reduction in ether content has some
economic or processing advantage, then more work 1s necessary
to determine the lower limit. Is there anything to be gained
by substituting other solvents? What improvements might be

atterined? Whet is the criterion of an ideal solvent?

2, What is known about the use of anhydrous alcohol as one

of the constituentes of the golvent? Some early work in the
references is sufficiently interesting to warrant further
study particularly since anhydrous alcohol 1s now commercially

avalliable.

3., What 1s known about the use of methyl alcohol in the ether-
alcohol mixture? Assuming that 1t functions satisfactorily,

g there any economic or other reason why 1t should or should
not be considered? Kanamaru's work sugzests that the methyl

alcohol mey possess gome advantage as & swelling agent.

4. Acetone colloids well but 1t 1is reported tlret, except with

nitrocellulose-nitroglycerine powders, the povder 13 brittle.

Is thiie brittlenescs the result of less residusl solvent than




in the case of the ether-alcohol processed powder? If sc¢.

1t apeear that the alcohol 1s more firmly held by the nitrocel-
lulose? If acetone hses advantages in the processing (colloid-
ing and extrusion), can we successfully use a three component

solvent of ether-alcohol-acetone? What is the compatability?

5. The amount of alcohol that 1is 1éft in the cake of nitro-
cellulose after dehydration limits the percentage of ether in
the mixed solvent if one holds to a gilven percentage of mixed
solvent based on nitrocellulose. What ig the objection to a
modification whereby more mixed solvent 1s used and a correspond-
ing adjustment 1s made in the die size to allow for greater
dilution of nitrocellulose? If solvent recovery 1s efficient,
would more solvent than currently used (approximately 100 per
cent based on nitrocellulose) be helpful in the production of
a powder? Have such experiments been done? In such a case
one could alter the composition of the solvent by adding al-

cohol to the ether.

6. Continuing the above speculation of the influence of
change 1n sclvent composition, what can be done to cause a
higher concentration of nitrocellulose in the press cake from
the dehydrating press? In such event more leeway 1is possible
to enrich the mixed solvent in respect to ether or to use a
higher percentagze of ether in the solvent during the initial
stages of mixing by holding out the remaining alcohol until
some time 2fter the mixing of nitrocellulose is put under

way. Would benefits result?




7. In the present process can one expect that a more homo-
zenecus collold 1s possible 1f the mixing 1s done at two
temperature levels? Both types of temperature curves should
be considered. Specifically, what wculd occur if the mix

were made 1initially at 5-10°C. after which the mass 1is brought
to 20°C.% Or is 1t concelvable that the reverse sequence
would prove best? Gelling ratees, uniform penetration of gol-
vent into the nitrocellulose, and the effect of an initial
Jacket of nitrocellulose that surrounds ungelled material may

play important roles.

3. It 1e probable that more 1s known than has thus far come
to the surface in regard to the relatlive solubllizing power
of solvent on the two components (12.6 and 13.4 per cent ni-
trogen) in an FNH powder. Is 1t possible that better results
may be realized 1f each of the nitrates were colloided sepa-
rately and then mixed? It would secerm that by so doing, a
wider and better cholce of collolding conditions could be
made fcr each of the nitrates. To 1llustrate, 1t may develop
that the ether-alcohol would prove best for the low nitrogen
component and an acetone contailning solvent or one that con-
tains ethyl acetate may be better for the 13.4 per cent ni-

trogen materiale.

G. Is 1t concelveble that the collcld mixing step would be
more satisfactory if the blend were made not with a solvent
but with a solution of nitrocellulose in the solvent? Would
a properly prepared lacquer made up from some of the 12.6 per

cent nitrogen nitrate distribute satisfactorily.with the major




portion of the fibrous nitrate to serve as a bond? How about

extrusion and physical propertlies of thne finished grain?

10. It seems likely that in the production of FNH powder

the 13.4 per cent nitrogen product colloids with greater 4if-
ficulty than does the 12.6 per cent component. What might be
gained by planning the production so that deliberate means
are established to impart a low solution viscosity to the
high nitrogen component? Two separate and distinct nitra-
tions are now practiced. It would be no great trouble to plan
the nitrating conditions so that the one product would have
low viscosity. Another approach would comprise the adoption
of two celluloses, one of normal high solution viscosity, the
other with coneiderably lower viscosity. It 1s guite within
the pilcture to consider the second and larger reguirement to
be s wood cellulose. Experiments to determine the improve-
ment in solubilizing effect that can be obtalned with the low
viscosity nitrates would indicate whether this approach has

practical possibilities.

1l. Exposed surface of material to be collolded must play an
important role in the rate and the uniformity with which the
nitrate is swollen. Can one devige & practical means for
further reducing the fibrous niltrocellulose after dehydration
and before or during the mix with the solvent? The dlsinte-
gration accompanied by maceration may concelivably be done 1in
a ball mill, or by means of a sharp Jordan. It may prove
that the entire mixing and pulverlzation step could be prac-

ticed in a chrome steel ball mill or in a rod mill.




12. If mixing of nitrocellulose and solvent were done in a
sealed container, higher initial temperatures could be pre-
scribed to favor a vapor penetration before gelling takes
place. This assumes that gellation occurs more rapidly at

the lower temperatures.

13. Is 1t impractical to provide for an intermediate storage
of nitrocellulose after 1t has been discharged from the
mixer? A continued contact with the solvent at a proper
temperature may cause better and more uniform gelling before

the press blending steps are practiced.

14, Although i1t is not at hand, some of the explosives labo-
ratories must have data on the water residues that are oresent
in the cake from the dehydrating press. If this water which
nust be thoroughly adsorbed within the nitrocellulose were re-
moved, would the ether-alcohol solvent prove more effective?
Use of a substantially anhydrous alcohol near the end of the
dehydration sfep may be the answer. A vapor sweeping of the
disintegrated cake with anhydrous alcohol vapors may consti-

tute another approach.

15. In the manufacture of an FNH powder doec the presence
of the dibutyl phthalate and the dinitro toluol interfere
with the colloiding properties of the ether-alcohol? Would
a sequence of additions of solvent and plasticizer prove

beneficial?®

16. Does wood cellulose nitrate vehave differently from the

cotton nitrates when colloided becsucce of = different




assortment of nitrates within the composite? Fractional sepa-

ration of the composite mass by use of solvents would glve an
opportunity to learn more of the swellingz properties of the

several components.

17. Application of solvent vapors to the disintegrated ni-
trocellulose press cake may prove an effective means for as-
suring good distribution and uniform penetration of the nitro
cellulose. This step could be practiced in a closed contalner
with provision for a removal of air before the ether vapors
or their equivalent are applied. In this connection 1t might
be well to review the present day methods by which soda cel-
1ulose crumbs sre xanthated. In thls process the loose crumbs
are gently and slowly tumbled in an octazonal vessel mounted
on a horizontal axls. The vessel is freed of alr by evacua-
tion and n calculated quantity of CSp is added at about 20°C.
Progressive vaporization takes place as C3p reacts with the
soda celluleose. A loose fibrous structure of mess is maln-
tained by controlling the temperature and by operating to
minimize a compacting of the loose mass. Good penetration

of C3o vepors 1s realized and there 1s a uniformity of reac-—
tion that would not be poscsible 1f the reaction were carrled
out in a machine tnat subjects the mass to rubbling and partilal
densification. This tumbling step sultably esdapted to optimum
conditions of operation may offer a means for lmproved mixing
and penetration c¢f solvents into nitrocellulcse preparatory

to the blocking press operation. Recovery of solvent from

tne octagonsl churn would be a eimple matter. If 1t proved

~dventageous one could vuse an excess solvent for a short period

O
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and recover the excess by a subsequent applicetion of partial

vecuum. It 18 conceivable that by a more effective swelling

of the nitrocellulose the extrusion could hbe done with less

solvent present in the green powder.
Standard laboratory tumbling churns are aveilable for

evperimentation.

18. A more uniform colloiding operation may result if pro-
vieion Ve made for steps by which

(2) the nitrccellulose 1s first expoeed to an excess of
solvent under conditions to favor perfect dicstribution and
penetrstion;

(b) = subsequent removal and recovery of sone solvent
from the vapor or liguid soaked fibrous mase before the pre-
liminery blocking prese or the macaronl press is used;

(c) steps 2e normally precticed.

19. Orientetion of nitrocellulose in the extruded strznd de
termines the ratlo of chrinkage with the axls and across the
dlameter of the cut powder when solvent is removed., It is
probable that major veorietions in "web" shrinkage can be
brought about with a given colloid by changing the speed at
which the extrusion is carried out. One would also expect
that & variation in per cent eolvent that is uced or a 4if-
ference in fluidity of the colloid by reason of nitrocellulose
propertles will influence orientation and hence the ratio of
"web" shrinkaze to shrinkage in length of powder grsin. The
magnitude of the changes so produced could be messured both

by linear measurements of the grailn shrinkaze #nd by X-ray.




Is orientation an important factor guite aside from control
of grain size? May 1t have & significant influence on hal-
1istics®? Ts orientation more marked in the cace of the high
viscosity nitrates, or does the greater fluldity of the low
viscosity nitrate colloid offset the effect of shorter chailn

length?

20. Does solvent leave the green powder mostly through the
circular ends in much the same manner as kappens when water

1s expelled from wood or does orientetion of the nitrocellu-
l1ose in the extruded strand have but 1ittle influence on the
main direction of solvent travel as 1% escapes? If the sol-
vent escape 1s largely directional as suggested, then 1t may
prove of interest to consider experiments in which the retio
of length to dlameter of graln 1s decreased to allow an easler
removael of solvent. This may prove important not only durlng

the solvent recovery step but also during the final dryinge.

51. When the "wet" drying process ls used to remove last
portions of solvent, is the shrinkage of powder grain less

then when the removal of solvent 1is practiced with warm alr?

22, Ie it poscible to remove golvent from a green powder by
extraction with a low bolling point liguid that 1s migcible
with ether-slcohol and which 1s not a'solvent for nitrocellu-
loee% Would such a procedure reduce the time required for
solvent removal and may overall recovery of solvent be greater
than ncw experienced? What about overall shrinkage? The

precence <f plastliclzers might introduce complicaticns.




23. No progressive shrinkage data were found. Changes that
occur in length, diameter and 1n web of powder as successlve
porticns of solvent are removed may help to explaln the 1ir-
regularities that are ocecasionally noted in the overall
shrinkage figures. For examplie, does the variation in final
dimensions of the powder grains relate to differences in be-
havior thet are found during the early stages of solvent re-
moval or is 1t explained by differences that occur in the
drying house near the last stages of solvent removal? In
cuch a study the different rate of dimensional changes &across
the grailn and in the length of the cylindrical units may

prove significant.

oly, Some technologists have expressed an oplnion that the
rate at which solvent 1s removed from green powder can ln-
filuence the ultimate dimensions of the grein. This should
be checked., If 1t 1s confirmed by fact, then 1t would ap-
rear that the solvent recovery schedules demand further

standardization.

25. Nothing was found regarding the variations in density of
the finished powder. If incomplete colloiding of some of the
nitrocellulose results in a less composite volumetric shrink-
age of the powder graln, the density figure may be of help 1in
the interpretation of what takes place under different condi-
tions. Density of powder may become an important control

test.

25, A great deal of work has been done in trhe field of sultable




plasticizers for the nitrocellulose. Plasticlzers are not
used in the pyrocotton powders that are made at Indianhead
for Navy use. Can plasticizers be applied sasdvantageously to
guch powders, and if so, will 1t be necessary to resort to a

higher than 12.6 per cent nitrogen base?

27. Do the common plasticizers thail are now used in the FNH
powders function as swelling a-ents for nitrocellulose? Or
do they serve as water repellent diluenis only? This can
probably be answered by those who have been close to the de-~

velopment of that type of powder.

o8, It has been reported that it is sometimes noted that a
green powder increases its dlameter over a period of hours
after 1t has passed through the die. Is this the result of
improper mixing and blending of solvent and nitrocellulose
prior to the extrusion of the colloided mass? Do some types
of nitrocellulose recguire longer periods of time than cthers
to swell fully with a given addition of solvent even though
mixing is thoroughly accomplished? Is the post swelling
across the diameter accompanied by an increase in total vol-
ume of grain or is there a corresponding shrinkage in length?
In any event does post swelling cease to be a problem if suf-
ficient time is allowed for full swelling to occur before

extrusion is practiced?

29. Is the brittlenecs of a finished powder related to the
amount of solvent that is allowed to remain? If reports are

properly understood, 1t appears thaet the placsticlzers (dibutyl




phthalate and dinitro toluol) do not automatically assure non
brittleness. Some of the powder that was made from a wood
cellulose baege fractured on cruching more readily than the
corresponding powder that was made from a cotton base even
when the powders were of the FNH type. It would be worth
while to establish a relationship of compressibility values
and residual solvent in a range from 10 to 2 per cent. A
very small added percentage of solvent may have a major ef-

fect on toughness.

30. There is a general belief that a low compressiblllity and
a brittleness in powder that is made from wood cellulose bace
is related to a low solution vigcosity of the nitrocellulose,
It is conceivable that nitrated pentosans and hemicellulose
may be equally or more responsible. A series of powders that
are prepared from nitrates of wood celluloses that are typi-
cally rich and lean in alpha cellulose, and in pentosans,
would enable the operator to extend his present knowledge.
Likewisge wood pulps of high and low viscosity and substan—
tlally 2like otherwise would allow the opportunity to check
up an the matter of effect of viscosity on brittleness of

powder.

3l. It hes been stated that in some instances anhydrous
acetone 1s not a satisfactory solvent for nitrocellulose and
that some water ig needed to favor swelling and ultimate so-
lution. Very probably the need for some polar solvent 1is
more pronounced in the case of the lower nitrogen products.

There i1s a likelihood that when acetone is employed in a nmixed




solvent that is intended for use wlth the high nitrogen prod-

ucte, the presence of an optimum percentage of water 1is of

great importance. This degerves further attention.

32, Is the solvent power of o mixture indicated by the vis-
cogity of the lacquer that 1s made up under standard condli~
tions? Is there value 1n an experimental program in which a
regular blend of 12.4 and 12.6 per cent nitrogen products 1is
digeolved in a number of solvent mixtures with an object of
establishing minimum viscoslties in those cases where solu-
tion is substantiaelly complete. Such an investigation may
reveal not only the behavior of the ceveral possible solvent
mixtures but also the effect of addition of the several com-
ponents of the mixtures 1n aifferent sequence. Additional
work mey show advantages of uslng some other combination of

nitrate blend to produce & desired aversge nitrogen level,.
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A-3. T.Petitpas. J.Chim.Phys. 37,618 (1940)
Gelatinization of Nitrocellulose

Studies on the gelatinization of di- and trinitrocellu-
1oses were made using both acetone vapor and liquid acetone
diluted with an inert solvent. Regardless of extent of ni-
tration, one molecule of gelatinizing agent for each Cg group
in the cellulose was &a Very important relation. Breaks in
the vapor pressure curve, the appearance of the cellulose,
and the X-ray dlagrams agree. Beyond this value of one
molecule gelatinizer to one Cg group, the fibers begin to
swell and visible changes occur until for 13.8 per cent ni-
trogen at about 3 molecules gelatinizer to one C¢ gelatiniza-~
tion is complete and dispersion occurs. The lower per cent
nitrogen (11.85 per cent? behaves similarly. A small amount
of nitrocellulose passes into solution at the point of gelling
forming a coazervate. This gelling occurs when the NO2 groups
neve been saturated with acetone.
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A-4. O.Kratky. Angew.Chem. 53,153-62 (1940)

The Micellar Structure of Cellulose and
of its Derivatives

A comprehensive modern review with 75 references and
numerous diagrams of the micellar structure of cellulose
derivatives including a dlscussion of swelling, solution and
reprecipitation,
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B-5. E.Berl and W.Xoerber. J.Am.Chem.Soc. 61,154-7(1939)
Cellulose Compounds
The following table together with a number of photomicro-
graphe (see original article) gives the results of swelling of

nitrocellulose in various solvents at various temperatures:

Definition of symbols used:

- Fiber ineoluble and unchanged.

+ Fibers lose original structure and form solid trans-
lucent lumps of the same refractive indéex as the
solvent.




++ Fibers form a gel at low temperatures which conslsts
of small soft translucent lumpse. The gel does not
change 1lts consistency when warmed to room tempera-
ture. It 1s highly swollen and has a limited solu-
bility in the golvent. After standing at room tempera-
ture 2 phases result; viscous gel covered by non
viscous solvent.

+++ Completely dissolved, viscosity of solvent lncreases.

(+) width of flbers enlarged by swellinge.

Table 1
Solvents °C, 12.02% N 12.6% N 13.4% N 13.9% N
Ether +20 - = - &
Ethanol +20 - - - -
=50 ++ - - -
Ether-Ethanol +20 +++ +++ - -
603 40 =50 +++ +++ ++ +
Methanol +20 +++ F++ = =
50 +4++ ++4 ++ ++
Glacial Acetic Acld +20 +++ +++ - =
Ethylene Glycol +20 - - - =
Acetic Anhydride +20 +++ ++ ++ ++
Formic Acid +20 - - ~ -
Ethyl Acetate +20 +4+4 +4++ +++ +++
Methyl Acetate +20 +++ +++ (+) (+)
-50 +++ +++ +4++ +++

The ratio of ether to ethanol was varled consilderably
(2:1, 4:1, 223, 1:4). Two highly nitrated esters with 13.4
and 13.9 per cent niltrogen were practically insoluble in the
different mixtures of ether alcohol at room temperature, only
a slight swelllng effect belng observed. At -50°C, all the fibers
disintegrated 1n these ether ethanol mixtures independent of
the per cent nitrogen. It is concluded from these and other
data that ethyl ether and ethyl alcohol do not form molecular
compounds. A theory of the actlon of mixed solvents 1s briefly
dlscussed which does not gubstantiate the theory of an oxonlum
compound formatlon.
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B-&. L.Solier. Mem.Poudres 29, 49-68 (1939)

Notes on fhe Elimination of Solvent
from Powder B

pxperiments are described dealing with the soaking of
powders 1n saturated salt solutlons and other materials. It
s found that the loss in weight in drying 1s due chiefly to
ethyl alcohol. The percentage of residual solvent 1increases
with decrease in the strength of alcohol wnhile the stronger
the alcohol the greater the opacity and the lower the sta-
bility. ©Steeping in water without previous ethyl alcohol
treatment showed poor elimination of ethyl ether. Much bet-
ter results with respect to coefficient of emission and
stabllity were gecured on highly volatile powders when 1 to
10 per cent ether was added to the alcohol followed by steep-
ing in pure water. Steeping 1in ethyl alcohol at 60°C. pro-
duced as rapid results as methvl alcohol at 300cC.
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B-9. K.Xanamaru. Koll.Z. &7,191 (1939)

Aging Process of Nitrocellulose
in Various Medla

Samples of 13.1, 12.82, and 12.61 per cent nitrogen were
studied by X-rays and viscometric determinations during perilods
extending up to 459 days. Ethyl alcohol, carbon tetrachloride,
benzol, and petroleun ether were used. The viscosities in al-
cohol and water for 13%.1 per cent nitrogen go through a maximum
efter a certain time but 1n benzol and carbon tetrachloride
very little change takes place, this belng due to the non-
polar character of the substances. The denser the gel struc-
ture, the more qifficult the swelling or solution process and
the stronger the 1lncrease in the viscosity of the sol obtalned.
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C-5. A.K.Doolittle. Ind.Eng.Chem. 30,189-203(1938)
Solubility Power of Nitrocellulose Solvents

This paper deals with a compound of 12.08 per cent nitro-
gen for lacaguers but the wide range of solvent mixtures
studied and the methods used (toluene dilution ratios, vis-
cosities of solutions of nitrocellulose in the solvents &and
mixtures, and phase dlagrams which provide a complete evalua-
tion of solvent strength DY combining both dilutlion ratio and
viscosity data) are of peneral interest and may well have ap-
plication to the higher nitrated producte.
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c-6. K.Kanamaru and J.Chao. Kolloid Z. 84,85-99(1938)

The Sorption of Vapors of Various Fluids
by Cellulose and its Derlvatives

Nitrocellulose of 13.53% per cent nitrogen in the form of
fibers and film was exposed to vapors of methyl, ethyl, n-
propyl, n-butyl alcohols, ethyl ether, acetone, benzene,
gcetic acid, and chloroform. It is found that the amount of
vapor adsorbed i1s not always 1n relstion to the solubllity
in the ligquid probably due to the gecondary factors involved
(aiffusion of liguid into the gel structure, breaking up of
the gel structure, Brownian motion, etc. while dissolving).
On the other hand, a film of gel forms on the outsice of the
nitrocellulose when exposed to the vapor, 21s0 introducing a
secondery factor whose effect apparently need not be the same
as that of the liquid. The amount of vapor adsorbed decreased
in the following order: (1) acetone, (2) water, (3) methyl
alcohol, (4) acetic acid, (5) butyl alcohol, (6) ethyl ether.
Ethyl alcohol wae not studied. The data agree with the zeta
potential determinations of the effects of the pure solvents
on nitroceilulose,
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C-7. H.M.Spurlin. Ind.Eng.Chem. 30,538-42 (1938)

Influence of Homogeneity on the
Properties of Nitrocellulose

This peper deals with the careful fractionation of a
12.05 per cent nitrogen nitrocellulose. It is shown how the
vigscosity is a function of the particle size distribution;
the pure fractions are better than ordinary cellulose de-
rivatives and blends.
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C-11. K.Kanamaru,T.Takada and K.Maeda. J.S8oc.Chem.Ind.,Japan
(Suppl.) 40,153-9(1938)
The Zeta Potential of Nitrocellulose

Nitrocelluloses of 1%.52, 13.327, 12.&3 and 12.00 per cent
nitrogen were prepared from ramie and carefully purified. The
authors point out that previous attempts to correlate prop-
erties of the fluid (e.g. dielectric constant, dipole moment,
etc.) with swelling behavior on orgesnic lyophilic materials
have been made but 211 have been severely limited. The Zetg
potential correlation presented here, because it includes the
properties of both dlspersoid and dispersion medium, 1s more
satisfectory. It is found that Zs (the Zeta potentlial imme-
diately after immersion) 1s higher the stronger the swelling
capacity of the liquid for the nitrocellulose; Zgp , the 1limit
of the Zeta potential, is lower the higher the degree of
swelling of the nitrocellulose. The nitrocelluloce has a
zero potential in that state in wnich the nitrocellulose 1is
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g0 strongly solvated that the degree of swelling approaches
solutione.

The solubility of nitrocellulose in the liquids studlied
decreases in the order: methyl alcoliol, ethyl alcohol, water.
Methyl alcohol dissolves completely nitrocellulose of less
that 12.3% per cent while ethyl alcohol dlissolves nitrocellu-
lose of less than 11.2 per cent nitrogen. The figures 1 to
4 show how the curves of Zeta versus time confirm the above
generalizstions. The followlng table gives a summary of the
correlation of relative change in the Zeta potentlal with
swelllng action:

: Zo=Zx Swelling of the
¢ F e e
Swelllng agent PN Zo ¥ 100 Nitrocellulose
HoO 17.52 - 1.3 Doegn't swell
13.37 11.¢ Doesn't swell
12.83 11.0 Doesn't swell
12.00 2k.9 Weak swelling
Ethyl Alcohol 13.52 1.2 Doesn't swell
17,27 16.1 Weak swelling
12.83 L4o.6 Swelling
12.00 Very large Strong swelling
liethyl Alcohol 13.52 5e& Weak swelling
17.37 23.2 Swelling
12.83% 50.2 Strong swelling
12.00 Very large Soluble

Curve U4 shows values of Zoy versus per cent nitrogen.
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D-1. A.Douillet and Ficheroulle. Mem.Poudres 27,115(1937)
Gelatinizers for Guncotton

Doulllet et al state thet methyl, ethyl, propyl, butyl
and amyl oxalates are excellent gelatinlzers for nitrocellu-
lose. It appears that they gelatinize guncotton at ordlnary
temperatures. This 1s contrary to the usual assumption that
the eaters of the dibasic acids are good gelatinizers for
nitrocellulose only if the two carboxyl groups are not close

to one another in the molecule.
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D-2. K.Kenamaru and S.Ueno. Kolloid Z. 79,77~91(1937)

Electrokinetic Examinatlion of the Lyophilice
Properties of Cellulose Derilvatives




13.5 per cent nitrogen was studlied in alcohol, ether, pen-~
zene, acetone, ethyl acetate, as well as mixturee of these
fluids, by the method of the Zeta potential determination
(stresming potential). The degree of swelling decreases 1in
the order: alcohol, ether, benzene. The Zete potential
measurements were compared with dlrect measurements on the
degree of swelling Q, expressed as grams solvent taken up by
100 grams dry nitrocellulose film. Curves were drawn of both
Q and Z as a function of time and of composition for mixtures

| of ether-slcohol (O to 100 per cent), ether-benzene (O to 100

| per cent), ethyl alcohol-benzene (O to 100 per cent), acetone-

| bengene (&5 to 100 per cent benzene), ethyl acetate-benzene

| (65 to 100 per cent benzene). The fodlowing table shows values
of Q obtained:

Ethyl Alcohol~Kther

Time After
Dipping 2,0 10.0 14, 20 3y T4 124 179 268 420
Hrs.
Vol. %
Ether
O 1.1 6. 8.0 8.5 8. 9.0 I2
20 1.6 13.E 19.5 32.0 3&.2 26.1 32.3
4o 19.% k7.7 Eo.s 23.6 £l.8 66.0 73.1
, 60 7.2 40.0 Ls,.1 6.3 4g.9 50.1 57.5
| 80 1.7 15.2 21.5 2¢€. 26.5 26.5 26.5
g 1000 0.3 1.6 2.1 2.1 2.3 2.8 2.8
Acetone-CgHg
i Vol. %
| CeHe
| &5 25.1 91.0 96.7 99.1 100.0 101.5 101.6 105.2 108.2 ,
! 88 11.20 22.50 24,31 5. 41 28.48 29.72 31.50 32.50 32.5
92 0.98 3.95 5.00 .28 9.73 10.02 11.10 11.%7 11.91
96 - - 1.56 2.70 2.80 2.90 2.92 3,10 3.19
Ethyl Acetate-CgHg
Vol. %
C6H6
65 7.0 W5.50153.52 162.67 165.0 167.29 170.18 178.54 181,20
73 27.2% 495,98 53.24 56.10 63.76 62.00 73.49 75.50 76.00
g2 0.18 1.17 1.51 12.21 14,00 15,28 16,20 16.79 16.92
91 0,13 1.00 1.32 1.54 2.59 3.70 U.,%0 5,45 5,31
1000 - - - 0.10 0.12 0.13 0.13 O.14 -~-- 0.15

Dae to the difficulty of measuring the inltial values of the
Zeta potential in very strong solvents, the flatness of the
curve for ether-alcohol mixtures, for example, as compared
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with the curve for &, may be explained. However, there 1s a
gocd correlation between the ration AZ/Z and e

“ther-4lcohol -AZ _%g Q
Vol % Ether
0 2.37 6.63 9.2
20 35.45 79.43 36.5
4o 0.67 27,16 73.1
60 21,80 a8l 42 57«5
30 L. 45 42.17 26.0
1000 0.0005k .00 2.3
Acetone-CgHg
Vol % CgHE
a5 0.2438 29.90 100.50
ag 0.0508 15639 29.72
Q2 0.000092  12.11 10.02
96 0.000072 2.89 2.90
1000 0.000000 O. 0.15
Ethyl-acetate—C6H6
Vol % CgHg
65 0.5037 52.87  167.89
[¥] 0.1053 32,27 63.00

It ts concluded that at least qualitatively this value
of Zo - 2o 1= a measure of the solvation capecity. It 1s

o

further stated that when nitrocellulose igc immercsed in a
mixture, the two components diffuese 1into the micellar struc~
ture ot different rates and hence the layer of liguid at the
interface 1s different from that of the main body. With time
equilibriun sets 1n. The guicker the swelling, the quicker
the micelle 1is broken down and therefore the quicker the
eouilibrium 1s reached. This might indlcate that trestment
with the less active component, €.Z. ether before alcohol,
might result in gulcker swellinge.
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D-4. K.Hese and W.Philippoff. Ber. 70,639-55 (1937)

The Viscosity of Organic High Polynmers
as Related to Concentration

This paper 1s a long critical survey of the correlations




of viscosity with concentration, tyoe of polymer, etc.
easurements are clted for trinitrocellulose, collodion, etc.
and an squation correlatlng the data 1e presented.
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D-5. S.Rogowin and W.Iwanowa. Colloid J.(USSR)3,309—19(1937)

Study of the Solution Process of
Cellulose Derivatives - III

3.Rogzowin et al go into the theory of mivtures of solvents
with non-solvents, perticularly in respect to thelr actlon on
the lower nitrogen containing products. This paper has 1n
mind mostly the lacquer industry but the findings may Jjustify
further study to see whether the data can pe partly extirapo-
1ated in the high nitrozen fleld.
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D-6. I.0.Goldman. Kinofotokhim.Prom. 35-43 (1937)

Properties of Acetone-Alcohol Cellulose
Nitrate Solutions

Goldmen discuscses the use of acetone-alcohol mixtures to
replace the usual ether-alcohol mixture. He indicates less
l1ogs of solvent in storage and emphasizes a lower fire hazard.
The work was done primarily 1in the f11m field. Whether the
low nitrogen product results can be translated to the higher
nitrogen fields is not clear.
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D-7. A.A.Morozov and A.V.Pamfilov. J.Gen.Chem.(USSR)?.%ISN—?6
1937
The Theory of Change of Viscoslty of
Nitrocellulose Solutlons

Morozov et al study the theory of viscosity change of
nitrocellulose solutions. The study includes work with 18.2
per cent, 12.1 per cent, and 10.4 per cent nitrogen. The
author apparently discounts the theory of viscosity reduction
by depolymerization and discusses the breaking down of the
internal structure of the solution, that is, the lowering of
its elastic properties.
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D-8. W.Coltor. J.S0ceChem. Ind. 56,3%363-75 T (1937)

Solubility Properties of Certailn
High Polymeric Substances

An extensive theoretical dlscussion of ewellling and




dispersion 1s presented with an explanation of why certain
mixtures of solvents have a very beneficial effect as com-
pered to the pure solvents. Experimental data on cellulose
acetate, ethyl alcohol, etc. are given. The article deserves
further study.
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D-9. H.Staudinger and M.Sorkin. Ber.70B,1993-2017(1937)

Highly Polymweric Compounds
Viscosity Investigation of Cellulose Nitrate

Staudinger et al studled the viscosity of sols, gels,
and concentrated solutions of mitrocellulose contalning 12.7
to 13 per cent nitrogen 1ln acetone and butyl acetate.
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D-11. S.Papkow,S.Rogowin, and W.Kargin. J+.Phys.Chem. (USSR)
10,156-7(1937)
Solubility of Cellulose and its Esters

S.Papkow et al go into the solubllity of celluloese and
its esters 1in organic ligulds. From thelr data 1t seems that
the systems in question follow the laws of binary liquild
systems. It is not evident without further gsearch through
the original article whether this work deals primarily with
the low nitrogen products.
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D-12. I.Sakurada and N.Saito. Kolloid Z. 81,208-12 (1937)

A Simple Overflow Viscosimeter and 1ts Use in
Determination of Solubilizing Power of
Organic Liquids for Cellulose Esters

The instrument is used to show relative viscositles of
a solution containing s cellulose derivative on addition of
a solvent, a diluent, or 2 precipitation agent. KExamples
with nitrocellulose are glven.
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D-13. W.Philippoff. Ber. 70,%27-3& (1937)

Mixing Experiments and the Influence of
Hetero-Dispersion on the Fiow Curve
of Crganlc High Polymers

Experiments with trinitrocelluloses of 13.90 and 13.7U4
per cent nitrogen are given involving viscosity and fluidity
curve measurements in bu$yl acetate and dioxan. The curves
of mixtures of high viecosity and very low viscous
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trinitrocellulose and those of trinitrocellulose wnich 1s ob-
tained by chemical treatment, 1l.e., decomposed by bleaching and
shows the same viscoeity as the mixture, ere different. The ef-
fect of the initial bleach is traced on the viscoslty curves.
The chemical decomposition can therefore not conslst in the con-
version of & very high viscous material into a low viscous ma-
terial since mixtures of 2 preparations of varylng viscoeslity
give flow curves which are different from the intermediate
preparation of the same viscoelity. The polydisperseness of

high molecules 1is given by distributlon curves. The influence
of the origin of the cellulose on the viscoesity properties de-
pends on a different distrlibution curve. The mixing law can be
given in the form (H1pCh = 5[ »ly+Cy, where 4  1s the rela-
five viscosity of the solution of concentration Cnm and »1 and

Cy are the viscosities and concentrations of the individual
components making up the solution. Thus 1t 1s seén that an in-
teraction of the components never results in a lowerling of vis-
cosity -- the viscosity of the mixture 1e alweys higher than the
highest viscous compound used. The decomposition or bleaching
process, therefore, does not change the shape of the é&istribu-
tion curve but moves 1t to lower average viscoslity.
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D-1L, G.V.Schulz. Neturwise 25,346-47 (1937)

Swelling Measurements on Polymer-
Homologous Nitrocelluloses

Theoretical studies involving measurement of the vapor
pressure lowering in gels of nitrocellulose in acetone are

presented.
63k 36 30 3 e W 30 20 3

D-15. F.Zimmer. Farben Ztg. 42,438 (1937)

Influence of Solvent and Non-Sclvent
on Nitrocellulose Molecule

Zimmer discusses uvne solubilizing power of methyl alco-
hol and ethyl alcohol on nitrccellulose. The dlscussion re-
lates largely to the mechanism whereby solvente act upon ni-
trocellulose. Comparison is made with some of the higher

alcohols.
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D-17. Lecape and Jourdin. Mem.Psudres 27,162-78 (1937)
Examination of Solvent Residues in Powder B

Lacepe et al go inte the progressive elimination of re-
gidual esolvent from the powder grain. It is pointed out that
ether 18 eliminated rapidly at first and then very elowly
wnile alcohol is eliminsted ot a reguler rate. Steeping 1in
water rapldly reduces the content of alcohol and ether but at
parallel ratescs.
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E-1. Je.Scheiber and O.Baler. Kolloid Beihefte 43,363-u16(1936)

The Solution State of Film-Forming Materials

gcheiber states that butyl acetate 1s 2 better solvent
for nitrocellulose than elther acetone or ethyl acetate even
though the absolute viscoslty of its solution may be higher,
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E-2Z. M.Ighihara. Je S0C. fhem.Ind. ,Japan 39, Suppl.62-5
70-74(1936)

The Structure of Cellulose Nitrates

Ishihara reports on x-ray work done with nitrates con-
taining ln the main nigh percentages of nitrogen. Some of
this work was done with nitrates produced from unusual ma-
terials such as hemp. 3Jome work is directed toward the

gelatinized nitrocellulose,
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g4, I.Sakurada and A.Xotera. Cellulosechemie 17,130(1935)

Changes 1in Viscosity Propertles of
Nitrocelluloses

gakursda et al study changes in viscosity of nitrocellu-
lose solutions with concentration, Some discussion 1s di-
rected to a speculation on the shape of the dispersed nitro-
cellnlose particles in the solution, Sketches are included.
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-2, A,P.Okatow and g,I.Emmanullowa. JoAppl.Chem. (USSR) 8,
12u8-5l4 (1935)
study of the Interaction of Cellulose Esters
and thelr Solvents

Nitrocellulose of 12,38 and 13.3 per cent nitrogen was
studied. The interaction of cellulose nitrates with varlous
golvents proceeds in three steps: wetting, swelling, and
sol formation. The wettabllity depends on the chemical and
nhysical properties of = nitrocellulose and a solvent. A
solvent penetrates the caplllary orifices and intermicellar
cavities formed in wetting and forme solvate films 1n and
about the micelles causing thelr distention. The formation
of thin solvate fllms reaults 1n a limited gel swelling. If,
however, the solvatlion oroceeds energetically forming £ilmsg
of such dimensions that the intermicellar forces of attrac-
tion become insignificant, then the mlcelles are unfiromly
distributed by diffusion in the ligquid, forming a sol, The
osmotic pressgure within the gel, caused by the solution of a
certain part of the gel in the capillaries and internicellar
cavities, 1s also probdably &an important factor. The heat of
wetting of cellulose nitrate showed that the greatest thermal




effect results with a mixture of ethyl alcohol and ether in
equel proportions and the thermal effect decreases with in-
creasing ratio of ether in the mivture. The minimum thermal
effect 1s obtained with ether alone which for highly nitrated
nitrocellulose is negative. These results indicate the
chemical nsture of the interaction of nitrocellulose with a
solvent. From thermodynamics swelling should be more energetic
at low temperatures and high pressures. This was found to be
the case. The greatest rate, at the boiling point of solid
carbon dioxide, was with equal mixtures of ethyl aslcohol and
ether, which decreases gradually with increasing ether. It
follows that by interaction with golvents, there is a limited
swelling of one part of the cellulose nitrates and sol forma-
tion of another. In pressing, a further gswelling of the insuf-
ficiantly swollen gel at the expense of the solvent content

in the highly solvated micelles of the sol takes place. As a
result, a plastic mass with varied amounts of homogeneous
swollen gel 1s ob%ained. At the same time the sol, by losing
1ts solvent, forms a gel, that 1s, becomes gelated. In the
production of uniform plastic masses, therefore, the use of
low temperatures, higher pressures and longer application of
pressure are important.
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F-4, L.I.Secharov. Trans.Kirov.Inst.Chem.Tech.Kazan No. 4.5,

167 (1935

golvents in tue Llanufacture of Smokelegs Powder

The paper describes the applicatlon of ether-alcohol in
the manufacture of smokeless nitrocellulose powders and gilves
a complete example covering all stages of manufacture and
ghowing the calculation of the ether—-alcohol balance.

W3 0 Yo B % 36 0 W

F-10. J.Grevy. Comptee Rendus 200,742-1 (1935)

The Viscosity of Very Dilute Solutions of
Nitrocellulose in Ether-Alcohol

Grevy studied the effect of concentration of nitrocel-
lulose on viscoslty when dissolved in ether-alcohol. He
found that while solutions of high concentration show a
minimum viscoeity at a comphsition of 3% parts of ethyl al-
cohol and 65 parts of ether, the specific viscosity of so-
lutions of very low concentration does not depend upon the
composition of the solution of the solvent. The lowering
of viscosity with age varies and reaches a maximum value with
a solvent that contailns 60 per cent alcoh<cl. 2
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F-11a T.Tomonari. Cellulosechemie 16,49-56(1935)
Solubility and Viscosity of Nitrocellulcse

Tomonari finds that the Staudinger rule does not apply
in the case of nitrocellulose solutions Studied by him.
There is included theoretical discussion that may Justify
further study in anticipation of experimental work.
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F-12. T.Nakashima and N.Saito. J.Soc.Chem,Ind.,Japan 38,
Suppl. 232-4 (1935)
The Heat of Solution and Swelling of
Cellulose Derivetlves

The following table is given for the heat of swelling
and of solution in cslorles per gram:

Trinitrocellulose Collodion
165 (glet) e (Gl
Ethanol 3.0 13,9
Methanol 6.0 16.6 (Zii?g)
Benzol 2.4 8.6

A curve is also shown for the solubility and heat evolu-
tion in acetone benzene mixtures. It is ghown that

where Q = the experimentally measured heet evolutlion per granm.
qg = heat of gsolvation
= neat of tearing apart the lattilce.
g = the work of dissoclating the assocliated solvent
moleculese.

qt = the work of sepsration of dissolved substances.

From the data 1t seems that as swelling proceeds a con-
siderable increase in heat evolution takes place until the
point where complete solution occurs, when a levelling off is
seene It is believed, therefore, that the heat of evolution
would be at least a qualitative indication of the degree of
swelling but the article 1s not too specific on this point.
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F-13%. M.Mathieu. Chim.Ind. 33,20-34 (1935)

Oils and Plastic ilaterlzls
A Theory




iiathieu offers a theory to explain the plastic properties
of certain materials. The change of mechanical properties of
a nitrocellulose tihrea d by swelling with acetone vapor 1is
attributed to a chan-e in crystal structure. Here again the
orizinal article should be glven further study if experimental
programs are laid out 1n tinis direction.
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F-14, li.liathieu. Compt.Rend. 200,401-3 (1935)
Structure of Trinitrocelluloce

Thie study eoucerns the structure of trinitrocellul~ce.
It is concluded that the molecular chainsg are folicd, the
folds repeating themselves at lntervals of 5 glucose units,.
The NO2 groups are prooably arranged 1in regular intervals
along the molecular chalnse.
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F-15. Y.Y.C.Yen. Chemistry (Chinz) 2,669 (1335)
Improving the Bulk Density of Smokeless Powder

Yen discusses a method of improving the bulk density of
smokeless powders. This includes a procedure of addlng alco~
hol only during the dehydration and not during the collciding
of the nitrocellulose. "Stoving" is carried out at 45-50°9C.
for 10 hours. Smokeless powder which has normally a density
of .%05 had a density of .%3 when this method was used (these
densities appear low; 1t mey be accounted for by the perlora—
tions of the graine in question).
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F-16. J.Desmaroux and M.Mathieu. Mem.Poudres 25,1£0-203(1934-+)
The Action of Acetone on Nitrocellul»se

Fibers of 11.6 per cent and 13.52 per cent nitrogen were
exposed to =2cetone vapor of known pressure and the dependence
of the acetone concentration of the threads on the pressure
of the acetone vapor was deterumined and the results so found
were compared with x-ray studies of ewelling. The thermo-
dynamic study of two nitrocelluloses of varying per cent ni-
trogen showed that the curves of molar acetone concentration-
activity are almost straight lines (which is true only for
solutions); irregularities are not observed. This wes sub-
stantiated by x-ray diagrems of threads in equilibrium with
acetone vapor of a definite pressure. The dilagrams changed
steadlly with increasing acetone concentratlon of the threads
withcut evidence for the formation of definite compounds.
Acetone and nitrocellulose as long as no gelatinization has




yet occurred combine to form a so0lid sclution. Diagzrams in-
dicate that nitrocelluloce can take up acetone under limited
enlarzément of the specing of the glucose cnaline in the 4di-
rection of the plane of the ring. Thle spreading reaches
its maximnum value when one mol nitrocellulose tskes up one
mol acetone. At s cdeflinite acetone councentration collapse
of the crystelline thread structure occurs with gelatiniza-
tion. The gel gives a disgram which 1s characterized by the
dicsappearance of every regular spacing of the glucose chain.
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G—Eo JQH-MCBaln,E-M.Grant,LoEoSmith. .Phyg.Chem.BS’l%%SEE%
Viccoslity of Guncotion in Varlous
Solvents and Mixtures

lncBaln et 21 used 100 solvents and mixtures in the trest-
ment of guncotton that was made by various manufacturers.
Earlier recsults reported in 1926 were extended, Some of this
work included experiments in which the solutions were held
At 550C. over long periodes of time. Some of tre solutions
oroached the viscosity of the pure solvent. In a fev cases
the viscoeity curves went through & sharp minimum and later
the sclutions underwent gelling.

Nitrocellnulose of 12.2 per cent nitrogen was studied,
vrying of methyl alcohol diminiches i1ts solvent power. The
visccelty 1= a function of a large number of veriables due
tc structure viscosity changes and not to fluctuationg in
chain length. The lower the relative viscosity, the better
the solvent. A review of various ways of testing solvent
power 1e ziven.
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G-7. G.L.Wilson and F.D.uiles. Phil.Trans.,RoK Soc. (London)
A,23%,247-77(1934)
The Solvstion of Hitrocellulose in
Acetone-Water lLilxtures

A careful experimental study which may well be appliceble
for other work on solvation by mixtures. There are indications
that some HpO 1s needed to improve the solvent power of the
scetone.,
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G-ll. J-J.Trillat. J.Chim.Phys. 31,125-37 (1934)
Nitroceliulose Films and Their Polymorphism

Trillet rezorte on X-ray study of a 12.%5 per cent ni-
trozen product in acetore, Certaln experiments were made in
ethyl acetate alsc. The crystal structure as revesled by
the X-ray ctudy le greatly altered py thne ewelling ~2ction of
scetone,
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G-12. A.Beck,L.Clement, and C.Riviere. MoniteProduits Chim.
16,73-4,2-7(1934)
Chemicel and Physical Nature of Nitrocellulose

Beck et al state that cellulose may be nitrated to any
desired nitrogen content and that guch products are cheml-
cally homogeneous but physically heterogeneous.
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G-13. M.Demougin. Mem.Poudres 26,37-41 (1934-5)

Comparison of Nitrogen Content and
Solubility of Nitrocellulose

Smokeless powders were studied over a perlod of one year.
He pointe out that in zenersl the solubility of the nitrocel-
1ulose is a function of the nitrogen content except in cer-
tein cases where strong bleaching, an increase in nitrating
temperature, increased stabilization, and prolonged beating
ineresse the solubility. Short time nitrations cause a prod-
uct to be more heterogeneous. The use of the Thomson displace-
ment process tends to increase the solubility.
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G-18. M.Kostevich. Separate, Belgrade 1934, p. 12.

Use of X~Rays in Smokeless Powder
Manufocture, etc.

Kostevich states that X-ray tests should he ueed only
for an approximate evaluction in the control of manufacture
of smokeless powders. Photomicography with the ald of
cinematographic apparatus 1s ugeful for a determination of
the collcidal stete &and the degelatinization of the powdera
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G-20. I.Sekurada and M.Shojino. Koll.Z. 64,300-5(1934)
J.Soc.Chem. Ind, ,J2agan 37,
Suppl., 603(1934)
Relation Between Solvent Power of Organic Liguids and
the Viscosity of Cellulose Ester Solutlons

The solubility power of solvents for cellulose esters,
due to the complex character of the material, cannot be in-
ferred from the concentraticn in the gatureted state without
further study. The determination of the eolubllity power
from the comparison of the viscoslty of solutilons ¢f ecual
concentration has theoretical and practical difficulties. It
1s proposed to dilute the solutions to be tested with a neutral
fluid and then to determine the soluhkilizing power of the pure
materizl from that of the dilluted solvent. This was done for
11 solutions in connection with nitrocelluloses of 13.7 and




11.6 per cent nitrogen. The measurement of the viscoslity shows
thet for low nitrated nitrocellulose the beet solvents (as
determined by the proposed method) are solutions with the
smallest specific viscosity. For high nitrated cellulose the
relation 1s not so simple. The better the solvent the smaller
is the specific volume of the low nitrated nitrocellulose;

that of the higher nitrated cellulose 1s almost constant,

The particles are without charge and almost spherical.
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G-24%, I.Sakureda and K.Futino. Sci.Papers Inst. Phys.Chem.Res,
(Tokyo) 24,193-210(1934)
Ring Fiber Structure and Orlientation of
Micelles in Films as Shown by X-Reys

This study concerns orientation of micelle groups in
nitrocelluliose filme. Pressed films of trinitrocellulose
ag well as unstretched films show ring fibering with the
fiber axis normal to the film.
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3-26. L.Yedard. Men.Poudres, 26,69-85 (1934-5)

Measurements of the Geletinizing of Nitrocellulose
by Four Binary Mixtures of the Type Alcohol~Ether

Medard makes measurenents of the gelatinizing of nitro-
cellulose by binary mixtures of the basic type alcohol plus
ether. A series of ether-like substances which glone have
no gelatinizing action on nitrocellulose, together with al-
cohol which shows a strong gelatinizing power, were studied
systematically. The secondary components included dioxane,
cineol, methyl furan, methylel, and ethyl ether. The great-
est gelatinizin% power was found with a mixture of 35 parts
of alcohol and 65 parts of ether;also with equal parts of
alcohol and dioxane. The examination shows no basis for be-
lieving that the maxlimum gelatinlzing power of these mix-
tures 1s related to a simple stoichiometric relation of the

components,.
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H-l. J.W.McBain,S.J.Good,A.l.Bakr, Trans.Far.S0c.19,1086~
D.Pe.Davies,H.J.Willavoys, and 1100(1933)
R.Buckingham

Sorption of Vapors by Nitrocellulose .

McBain et al study the sorption of vapors by nitrocellu-
lose. Nitrocellulose was exposed to several vapors and the
smount taken up by the nitrocellulose was determined. The
adsorption varies 100-fold between nest solvents and those
that are least effective. The difference in the quantity
teken out 1s ascribed to a change in the structure of the
nitrocellulose which only the better solvents can produce,
There is no saturation value and the quantities of vapor do
not depend upon their molecular welight since there are no
fixed outer surfaces and no definite number of binding points.
The article deserves further attention, particularly in con-
nection with any projected experimental program.
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H~2, S.Yamamoto. Cellulose Ind.(Tokyo) 19,4-9 (1933) |

The Fractionation of Nitrocotton
Solution of Nitrocotton in Acetone-Water 1

Thie relates to fractionation cof nitrocotton by means of i
acetone-water mixtures. Nitrates examined ranged from 10.4
to 13.36 per cent nitrogen. It was found that the solution
of nitrocotton in an acetone-water mixture depends upon its
nitrogen content. The upper part of the solubility curve of
nitrocotton plotted against varying content of acetone in the
acetone-water mixture showe a steep inclination to the axis |
while the lower part inclines more gentlye. The former part
corresponds to precipitation of nitrocotton in larger ag-
glomerates rich in nitrogen and the latter to the precipita- ,
tion of nitrocotton in lower degree of agglomeration. The
nitrocotton precipltated in this part consists of various
disintegrated products of the original nitrocotton.
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H-%3. M.Mathlieu. Trans.Far.Soc. 29,122-32 (1933)
Structural Changes in Nitrocellulose

Mesthieu studles structural changes in nitrocéllulose.
X~rays of nitrated cotton with 11 to 13.9 per cent nitrogen
ell show & sharp ring corresponding to s well defined lat-
tice constant which 1lncreases regularly with increasing total
content.
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H-4. P.Demouzin. Compt.Aend. 196,402-10 (1933%)
Ihe Solubility of Guncotton

High nitrated cotton (CP1) is partially soluble in ether-
alcounol, the insoluble fraction swelling only. Repeated
fractionations can 1mprove the solubilitye. Solubility 1s
also increased as peating vecomes more efrective. It is as-
gumed that only the surface part of the nitrocellulose garticle
goes into solutlion. The remalning insoluble nitrocellulose
ccts ag a cemi-permeable membrane and prevents the soluble
nitrocellulose on the inaside from dilssolving. The osmotic
pressure causes swelling. This can explain the dependence of
the directly determined solubility of guncotton on the nitro-
gen content. With decreasing per cent nltrozen, tie solubllity
increases regularly until from a definite per cent nitrogen
on, the solubility becones much greater. This means the Os-~
motic pressure has becone 8O large that the resistance of the
membrene ig overcome and the soluble material on the 1neilde
can dissolve.
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H-1%. K.Atsuki and ..lehiwara. J.Soc.Chem.Ind.,Japan(Supnl.)
36, 5L0-b4(1933)
The Structure of Cellulose Gele
VII X-Ray Study of Cellulose Nitrate Gel

Cellulnse is8 nitrated at various temperstures. The vis-
cosity, the mechasnical propertiles of the acetone film and the
structure of acetone oOr slconol-ether films were studied by
X-reye. Al the same time o nitrocellulose (13 per cent nitro-
aen) -nitroglycerine gel vas studied by X-rays. The structure
of fiims of nitrocellulose with 11.2-11.4 per cent nitrogen
j5 almost amorphous. The acetone film has a nore uniform
gtructure without lnner distortion, while the alcohol-ether
fi11lm consists of a network structure with inner distortlon
and heterogzeneous distribution of the molecular surface con-
tact.

On dérying an acehone eclution of cellulcse nitrate, the
solute may be kept in a state of dispersion until the amount
of acetone becornes very little, and this now adheres to the
cellulose nitrate as a molecular compound. In an ether—-2lcohol
solution, however, ether evaporates more culekly than alcohol
and the solute becomes 1nsoluble, remaining 1in a ewollen state
during dryinge Hence the film from ecetone golution is uniform.
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H-16. A.Stettbacher. Leinzig (193%) Boolk
Die Sechitess und Sorengetoffe

&

gtettbocher mentions tnat the most Aense 2and moisture
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itnsensitive powder comes from acetone gels since acetone aleo
dissolves the high nitrated cotton while ether-glcohol causes
cwelling only. Guncotton 13 insoluble in cold or hot water
but easily soluble in acetone, ethyl acetate, nitro benzene,
and pyridine. The most favorable volume relation is one voOl-
ume ether (0.720) and one volume alcohol (99% per cent). With
95 per cent alcohol maximum solubility occurs with 2 volumes
ether to one volume alcohol. At low temperatures high ni-
trated cellulose is gelatinizable and soluble in ether-slcohol.
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H-17. F.D.tilles. Trans.Far.3oc. 29,110 (1933)
Molecular Aggregation of Nitrocellulose

Liles offers data to support the general hypothesis that
a1 chain molecules are nitrated to approximately the same
extent so that the chance of any one belng conpletely nitrated
to trinitrate before the rest undergo the same nitration 1e

very small.
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J-1. Y.Nisizaws. Koll.Z. 56,179~9% (1931)

Structure Viscosity Measurements of Cellulose
Derivatives in Organic Solvents and the
Influence of Additions on the Viscosity

Nisizawa discusses the influence of addlng various organic
and inorgsnic agents to a nitrocellulose ether-slicohol colloid.
Some work was also done with acetone as a colloiding agent.
Some of the substances used ralse the viscosity of the mass;
others lower the viscosity.
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J-2. J.Desmarouxe. Mem.Poudres (2),24,101-5 (1931)

Dietribution of Solvent in the Web
of Powder Grains

Desmaroux discusses the distribution of solvent in a
powder grain. He states that there is a regular increase
in solvent content from the surface to the center during
solvent recovery but that for driled powders the solvent
distribution was uniform.
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J-3. A.J.Drinberg. J.Appl.Chem.(USSR)l,(&),87-116(1931)

Solvation and Viscosity of Nitro and
Acetyl Cellulose Solutlons




Drinberg discusses the effect of concentration, de~-
polymerization, dispersion mediun, and temperature on the
vigecosity and the solvation of nitrocellulcse and of acetyl
cellulose solutions. Conclusions are as follows:

(a) The specific degree of solvation decreases wlth
inereased concentration but the total volume teken up by
the solvated phase increases, and the more so the leecs the
ester is depolymerized.

(b) The length of molecular chains decreases wWith the
depolymerization of the cellulose ester.

(¢) With decreasing molecular volume of the peptizer,
the viscosity and the degree of solvation of the solutlon in-
crease. Alcohol sols show the minimum of viscoslty and degree
of solvation at a higher alcohol concentration, the higher the
molecular weight of the peptizer.

(d) With increased temperature the viscosity and the
degree of solvation in sols with 2 peptizer and in B80ls with
a gmeller ratio of coagulator %to peptizer the peptization
number decreases. However, in sols in which this ratio be-
tween coagulstion and peptization number exists, on ralsing
the temperature coagulation occurs which can be called a
kinetic phenomenom tied up with s disturbance of the sol
structure on temperature rise.
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J"'u'. Je.Degmarouxe. J.Chim. Phys- 28,1‘33—73 (1931)

Affinity of Nitrocelluloee Tor
Gelatinizing Agente

A discussion of the oxonium theory of gelatinization 1is
presented including some experimental work on 11.8 per cent

nitrogen.
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K-~1. Blancherd, rem,Poudres oW,241.-4 (1230-.1)
Graining
Blanchard discucses the mathematical relationship be-

tween length of die, gralilning presecure, viscosity of nitro-
cellulnse, and the appearance of the finlc<hed powder.
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K-2. J.Desmaroux. Mem.Poudres 24,101,265-81 (1930-1)

Distribution of Residual Solvent in
Nitrocellulose Grains

Desmaroux diecucces the matter of solvent distribution in
the =mokelese powder prains.

LA AIRIR TR R XY S




K-2. J.J.Trillat. J.Phys.324d.(7),1,24%0-250 (1930)

study of the Conctitution cf Hitro
and Acetyl Cellulcse

Trill:t found thot above 12 cent nitrogen the tri-
nitrocellaloss dlegrem predoxirrtec in a crvetalline eand ar
amorphous phasc. Filme cirow ecam 1211y the same structures
e fiberz but interferences rre leac csharp. The =smorphcus
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-4, W.J.Jenkirgc,H.B.Bennrett, J.Phiys. Chena 34, 8318-09, 2230~
L.Bubineteine. (1230
Sorption Experiments with Hitrogellniose
Sorption of Vapors on Nitr cellulcse

Jenkins et al pregent two pagers both of which desl with
sorption experiments 1a whizch nitrocelluloze iec expeeed to

varicugc VvepOrs.
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e &. J.Desmaroux. dem.Poudree 24,265-81 (1930-31

Pertisl Preceure of Etrer end Alcohcl
in Gelatinized Nitrocellulose

Nitrocellulose rhas no preferentiasl absorption for ether,
alcohcl, or mixtures thereof. Small amounts of ether cre
held more tenaciocusly than small amounts of alcohol, however.
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L-1. A.J.Pnillips. J.Phys.Chen. 33,118-20 (1929)

The Behavior of Nitrocellulose Gels
in Polarized Lilght

Fhillips discusses the behavior of nitrocellulose cels
in polarized light. Thie paper has importance in ccnnection
with any nicroscopgic work that deals with the evaminetion of
partislly collolded nitrocellulose.
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L-2. A.lichel-Levy and H.MNuraour. Compt.Rend.l%?,llQE—U(1929)

The “icroscopilc Exomination of Colloldal
Nitrocellulose in Polarized Light

iderel et al discuss the microscopic examination of col-
lcoiced nitrocellulose in polzrized lizht. The studlee 1nclude




work with a produect that has 11.7 per cent nitrozen, also one
comprising two componentc that contein respectively 11 per
cent and 13 per cent nitrogen and have tre some overall nl-
tropen content. The highly nitrated fivers cconld be detected
in the oclloidc. Tae presence of filbers of hlshly nttrated

cellulose coincided with an increased rate o7l combretion of

powders containing them owin; to the formation of cirface
cavities by the rapld combustilion of the hirnly nitreted por-
tions and the consecuent increase 1in enlegslon surface.
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L-7. E.W.lardles, Koll.Z. k9,4k-11,11~16 (1529}
3o0lublility of Cellulose Derivatives

An eytensive discuss‘on is glven of thre relations between

golublility pover, viecosity, desree of diecpersion, ete, for

pure sclvents and I oETUres Ine peper sbould be read further.
TS L s
“i.v . WoKumicrel. Kolloldehen.Reihelto 0n,161-98 {1528)

#ractlonal Precipitation and Ullra

Filtraticn of liitrocellulosge

Kumicnel has done work in which cellulouse nifirate le
fractioneted into two components, A and B. 3 1is made up of
dezradation products of nitrocellulose: A exnliblts The re-
actions of very pure ritrocellulose. Per cent nitrogen 1s
the same in both componente. Vigcoslty of A 1s very nuch
rreater than viscosity of H, Solubility of 4 and B in ether
2lcohol renalins the same, For all techknical applications A
1s better than the original mixture; 2 1ls vnsultanle for ey~
slosives manufacture, (it 1s grobable that some emphasis 1s
vlaced on the instability of Tire desraded nitrocelluloae

product, ) -
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1‘4’1“2.} Fuolsen. Coll:syn}psl\ﬂon. 6,253 (1928‘))

Influence of Gel Structure Upon the Technolozy
of Smokeless Powder lianufacture

Fred Olsen dlscusses the influence of gel structure upon
the technology of smokeless powder manufacture, He discusses
both cotton and wood pulp. He mentions the effect that beat-
ing has on the structure ilndicating improved gelatinlzation
with beating of base fiber. He dlecusses lack of uniformity
of nitration. In regerd to the action of solvents he states
that there is a prior swelling oy the vapor., Thisz 1s followed
by a dispersion of the nitroceliulose. Plctures are shown %o
1l1lustrate the swelling, The efrect of extrusion, mixing,
etc. on the homozenization of the gel 1s also illustrated.
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0-1l. J.Desmaroux. Mem.Poudres 22,250-8L (1926)

Microscoplec Studies of the Structure
of Poudre B

Desmaroux describes microscopic egtudies of the structure
of Poudre B. Cuncottons which have a solubllity as high as
25 per cent in ether—alcohol are a physical mixture of soluble
and insoluble fibere. Some of the insoluble fibers are super-
ficially etched and corroded by the solvent. He describes a
techniaue for examining these residues under the microscocpe,

LA 2 Al ATy

O-4., A.Highfield. Trans.Far.Soc. 22,57-75 (1926)

Colloidal Properties of Nitrocellulose
in Solvent lilxtures

Polar solvents and non-polar solvents are inferior in
solvent power to mixtures. U~curves, showlng viscoeity maximg
vere found in ether-alcohol-H50, acetone-alcohol-Hs0, nitro-
benzene-alcohol, aniline-alcohol-nitrobenzene, nitro-aniline-
alcohol, ether-methyl aleohol~H»0, propyl alcohol-ether,
butyl alcohol-ether, acetone-benzene, acetone-ether-Hgo (on
12.2 per cent nitrogen nitrocellulose). Progressively de-
¢reasing nitrogen content incresses the range of solvent mix-~
tures down to 10.5 Per cent, below which solubility diminishes,
as 1s also the case with very highly nitrated cottons. The
best solvent mixture contains polar and non-polar groups bal-
anced in optimum proportions,

The solvent which gilves the sol of minimum viscosity is
not necesssrily the best solvent from the point of view of
ease of solution, due to the fact that the viscosities of the
two components of the solvent mixtures are unequal. Hence,
the optimum solvent contains more of the ingredient of higher
Vliscoslity than does the solvent which gives the 8ol of minimum
viscosity. Qualitative criteria from vigcosities are satic~

factory.
I

0-5. J.W.McBain,C.E.Harvey, Je.Phys.Chem. 30,212-52(1926)
2nd L.E.Smith.

Apparent Viscosity of Solutions of
Guncotton in Various Solvents

The effect of variables on viecoeclty:
1. Concentration: nro good formula available.
2. Temperature: Temp. coefficient is large.

3. Pretreatnent of nitrocellulose.




4, Temperature of preparation of solution: the higher
the temperature, the lower the viscosity, which per-
sists even after storage for several months,

5. Type of solvent: mixtures best. Best solvents give
least viscous golutione.

6. Age and degradation.

A detalled critical literature —eview 1s also given.
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R-1. A.Szegvari. Koll.Z. 34,34-27 (192L4)
Gelatinization of Nitrocellulose Solutions

Nitrocellulose sgolutions in solvents like amyl acetate
may be diluted with liguids in which they are not alone
soluble, cuch as benzine. Such mixturee then gelatinize if
the temperature i1s raiged beyond a certain point, becoming
licquid on cooling.

e 36 496 6 3630 3

S-2. E.W.J.liardles. J.Soc.Chem.Ind.42,T,127-36,207~11(1923)

Study of Solvents for Various Cellulose Egters.
The Correlation of Solvent Power and the Vis-
cosity of Cellulose Ester Solutions

£ number of binary and ternary mlxtures were studied, in-
cluding effects on cellulose nitrate. There appears to be no
correlation between the physical and chemical constants of the
varilous grades with their solubility. It often happens, in a
mixture, that the optimum solvent mixture occurs at simple
mclecular proportiong, rrobably due to the molecular nature
of the swelling.,

W3k 36 3¢ 343 3t d6 36

U-1. H.lMarqueyrol and Florentin. liem.Poudres 19,150-67(1921)
Gelatinization of Nitrocellulose

Marqueyrnl discussee gelatinizers and their most im-
portant properties. A 1list 1s given of gelatinizer patents
since 1900. The gelatinization of certain nitrocottone by
alcoholic solutions of various types of -elatinizere including
substituted urees, esters, and cydlic ketones ‘g described.,
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U-2. R.Robertcon. Koll.Z. 28,219-23 (1921)

Nitrocelluloce

Rohertson gives 2 review cf some of the well known
vienomina that attend the manufacture of smoleless powder,
He includes a statement that at a definite relation of al-
cohol to etner a minimum in the viscosity of a collodlon
golution occurs indepehdent of the nitrocellulosge content.

Solutions in acetone end water are similar.

40 33436 3t 30 ok
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P-1. U.S. Patent 1,752,881

This 1s an American Fatent taken out by Borland and
the American Powder Company. It claims a process for the
herdening of gralns of nitrocelluloss foi smokeless powders
by introducing the 1iquid solvent as & iing sprays

3t 46 I W SN

P-2, U.S. Patent 1,713,505

This 1s an American Patent taken out by Hawkesworthe.
It describes a simultaneous drying, dissolving and sta-
bilization of nitrocellulose by means of mono nitro toluene.,

3b 3k 4t 46 3 W 330 % W

p-&. British Patent 324,04k (1930)

This was taken out by the Imperial Chemical Company and
O.%.Stickland. The process employs a nitrocellulose that 1is
wholly or mainly of the jnsoluble variety with a nitroien
content of 13%3.2 per cent Or more, preferably about 13.45
per cent,

46 3E 96 3 W 6 ¥ 46 ¥

P-9. British Patent 353,634 (1929)

This was taken out by Wolff and Compa?K, It describes
in

the use of low temperstures (below o°c, (7 conjunction
with methyl or ethyl alcohol for preparing propellent powders
from nitrocelluloses which would not gelatinize in the sol-
vent at ordinary temperatures. The nitrocellulose 1in ques=-
tion contains more than 12.8 per cent nitrogen. Reductlon

in temperature 1s also advantageous for mixtures of solvent
that contaln ether and alcohol,

436 I 4t 30 W
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